Abstract-This paper describes the gliding arc operated in four different noble gases (helium, neon, argon, and krypton) under normal gravity and hypergravity conditions up to 18 g. We studied the influence of gas flow, gas properties, and gravity-dependent buoyancy on the gliding arc behavior.
We used nearly quarter-elliptic copper electrodes with a minimum distance of 4.5 mm and an initial angle between them of 36° [5] , [6] . These electrodes were connected to a current limiting high-voltage transformer supplying 0-10 kV at 50 Hz ac. The configuration was enclosed in a nonconductive discharge chamber with 2 dm 3 inner volume. Front and back walls were made of a heat-resistant glass allowing direct optical observation by digital cameras (Nikon D3100, Canon Power Shot A460). Four noble gases-He, Ne, Ar, and Kr-were selected to cover a wide range of gas mass densities. Their atomic masses are 4, 20, 40, and 84 a.m.u., respectively, giving the mass ratios 1:5:10:21.
Long exposure images of the GAs in four noble gases at 1 g are shown in Fig. 1 . The gas flow and discharge voltage are slightly different for each gas to maintain stable gliding movement of the arc. Operating in ac, the arc filament periodically brightens and dims, which in combination with upward motion, forms a typical striped structure in the images. This allows a direct visualization of spatiotemporal GA evolution with 10 ms time intervals. The main difference in operation of the GA in different noble gases is, besides the apparent color due to dominant spectral lines, the minimum gas flow needed for the arc to glide (0.4 slm for He, 0.15 slm for Ne, and 0 slm for Ar and Kr). The maximum height achieved by the arc before extinguishing also differs. We did not find any conditions (gas flow 0-2.5 slm, discharge voltage 0-10 kV), for which the GA in helium and in neon would extend above the electrode region, whereas the GA in argon and in krypton often rose above the electrodes. This is caused by lower ionization potential of heavier gases which permits to sustain a longer channel at given maximum voltage.
The influence of hypergravity is demonstrated in Fig. 2 in which Kr is shown because the gravity-induced effects were the most significant for this heavy gas. When the gravity (and consequently the buoyancy) increased, the speed and frequency of gliding increased as well, whereas the maximum height reached by the filament decreased. We attribute the lower maximum height to the inhibiting effect of increased ion losses and discharge channel cooling by convective flow.
The experiments in the LDC have shown pronounced effects of gravity on the ac gliding discharge at atmospheric pressure. The effects were stronger for the heavier gases because of increased thermal buoyancy. The maximum extension of the filament before extinguishing, the gliding velocity, and the frequency of appearing of new filaments were the most affected parameters. In higher g levels, the plasma filaments moved quicker, tended to reach lower maximum height and the 0093-3813 © 2014 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. whole lifecycle of one filament was shorter. Thus, the effect of increased gravity is quite similar to the one of increased gas flow.
